Deep MicroRNA sequencing reveals downregulation of miR-29a in neuroblastoma central nervous system metastasis.
Central nervous system (CNS) is an increasingly common site of isolated metastasis for patients with Stage 4 neuroblastoma. To explore the microRNA (miRNA) profile of this metastatic process, miRNA sequencing was performed to identify miRNA sequence families with differential expression between tumor pairs (pre-CNS primary and CNS metastasis) from 13 patients with Stage 4 neuroblastoma. Seven miRNA sequence families had distinct expression in CNS metastases when compared with their corresponding pre-CNS primaries. MiR-7 was upregulated (3.75-fold), and miR-21, miR-22, miR-29a, miR-143, miR-199a-1-3p, and miR-199a-1-5p were downregulated (3.5-6.1-fold), all confirmed by quantitative reverse transcription-PCR. MiR-29a, previously shown to be downregulated in a broad spectrum of solid tumors including neuroblastoma, had the most significant decrease in all 13 CNS metastases (P = 0.001). Its known onco-targets CDC6, CDK6, and DNMT3A, as well as B7-H3, an inhibitory ligand for T cells, and natural killer cells, were found to have higher differential expression in these 13 CNS metastases when compared with their paired primaries. Additionally, miR-29a expression in primary tumors was significantly lower among patients who eventually relapsed in the CNS. Irrespective of the amplification status of MYCN, which is known to be associated with metastasis, pre-CNS primaries, and CNS metastases had significantly lower miR-29a expression than non-CNS primary tumors. Among MYCN amplified cell lines, those from CNS relapse also had lower miR-29a expression than non-CNS relapse. These findings raised the hypothesis that miR-29a could be a biomarker for neuroblastoma CNS metastasis, and its downregulation may play a pivotal role in CNS progression.